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Complex 4-d, Rh(OCH(O)(CO)(κ 2 -P,N-2-phenyl-6-((di-tert-butylphosphino)methyl)pyridine))-d To a solution of 3 (4.4 mg, 10 µmol) in CDCl 3 (0.6 mL) was added formic acid-d 1 or formic acid-d 2 (9.2 mg, 200 µmol), resulting in an immediate color change from red to yellow at room temperature. Due to its unstable nature, this species was only characterized in situ using NMR spectroscopy. 
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2) Catalytic dehydrogenation of formic acid
Standard catalytic experiment and control experiments
Typically, compound 1 (10 µmol) was added to the solvent (1 mL) in a 5 mL schlenk equipped with a condenser and connected to a water replacement setup. S1 The reaction mixture was heated to required temperature and stirred for 10 minutes. Formic acid was added to the reaction mixture (75 µL, 2 mmol) or the azeotrope HCOOH/Et 3 N 5:2 was added to the reaction mixture (187 µL, 2 mmol HCOOH) and evolved gas was collected. In the case of complex RhCl(CO)(PN), first 1 equivalent of potassium tert-butoxide in THF (1M) was added at RT to abstract the chloride ligand. After 5 min stirring, 75 µL HCOOH was added. The mixture was rapidly heated to 75 ºC and the evolved gas was collected. 
S-14
Fig. S18. Zoom-in of 13 C NMR spectrum: no free CO (around 185 ppm) is detected.
Catalytic experiment followed by IR
A catalytic experiment was monitored by in situ HP-IR in an autoclave equipped with an IR cell. S2 The autoclave was charged with 6 mL dioxane (or THF) and pressurized with 2 bars of helium (to fill the IR cell) and heated to 75 ºC (60 ºC for THF). A blank spectrum was recorded. Thereafter, the pressure was slowly released and complex 1 (0.03 mmol) and HCOOH (6 mmol) dissolved in 1 mL dioxane (or THF) were added to the autoclave before repressurizing with 2 bars of helium.
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Fig. S19. IR spectra of complex 1 (red) and complex 4 (blue) measured in dioxane.
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Fig. S20. Zoom-in of the IR spectrum between 1600 and 2400 cm -1 from a catalytic dehydrogenation reaction in dioxane. The spectrum of dioxane is depicted (top) to
show that the solvent residual peaks interfere with the Rh-CO peaks (lower). The red spectrum in the lower figure is recorded at the start of catalysis and the blue one after 4.5 h. The picture shows that the concentration of CO 2 (peak at 2330 cm -1 ) increases over time and that the concentration of HCOOH (peak at 1730 cm -1 ) decreases.
Fig. S21
. Zoom-in of the IR spectrum between 1600 and 2500 cm -1 from a catalytic dehydrogenation reaction in THF over a time-span of 5 h. The red spectrum is recorded at the start and the blue after 5 h. In this case the solvent does not interfere with the Rh-CO signals and it is clear the only two Rh-CO peaks present can be attributed to complex 1 (1945 cm -1 ) and complex 4 (1989 cm -1 ). The concentration of complex 4 slowly decreases, as it converts back to complex 1.
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